Contextual fear conditioning emerges around post-natal day (PD) 23 in the rat. This is thought to reflect hippocampus-dependent conjunctive learning, which binds the individual features of the context into a unified representation (Rudy, 1993). However, context conditioning can also be supported by hippocampus-independent, feature-based simple associations (Rudy, 2009) and these may operate at PD 23-24 (Pugh & Rudy, 1996). To address this issue, we studied the ontogeny of a variant of contextual fear conditioning, termed the context-preexposure-facilitation-effect (CPFE), in which exposure to context and (immediate) foot shock occur on successive occasions. This variant requires conjunctive as opposed to feature-based simple associations (Rudy, 2009). We tested PD 17, 24, and 31 rats on the CPFE vs. conventional context conditioning (Exp. 1) and on the CPFE with stronger reinforcement (Exp. 2). The CPFE emerged on PD 24 regardless of reinforcer strength and in parallel with context conditioning. Infusions of the NMDA-receptor antagonist, MK-801, into the dorsal hippocampus just before pre-exposure on PD 24 eliminated the CPFE, whereas infusions occurring after pre-exposure had no effect (Exp. 3). These findings demonstrate a role of hippocampal NMDA receptors in the CPFE as early as PD 24 and implicate conjunctive learning mechanisms in the ontogeny of contextual fear conditioning.
Introduction
Pavlovian fear conditioning has become a powerful paradigm for studying both the neurobiology of learning (Fanselow & Poulos, 2005; Kim & Fanselow, 1992; Kim, Rison, & Fanselow, 1993; Maren, 2001; Phillips & LeDoux, 1992) and the ontogeny of learning (Hunt & Campbell, 1997; Richardson & Hunt, 2010; Rudy, 1992) . This is especially true of contextual fear conditioning, because of its potential value for studying the ontogeny of hippocampal function from a multiple memory systems perspective (Fanselow & Rudy, 1998; Rudy, 1993 Rudy, , 2009 Rudy & O'Reilly, 1999; Stanton, 2000) .
In the standard context conditioning procedure, rats are placed in a test chamber for a few minutes and then experience a brief footshock. When returned to the chamber the next day, they show a species-typical freezing response that reflects conditioned fear (e.g., Fanselow, 1990 ). This behavior is explained by a two-process model in which two distinct and competing associative systems can mediate contextual fear conditioning (Fanselow, 2000; Maren, 2001; Rudy, 2009 '' representation (Fanselow, 2000) . This system supports rapid learning that automatically occurs simply as a consequence of the rat's active exploration of the environment (Nadel & Willner, 1980; Nadel, Willner, & Kurz, 1985; Rudy, 2009 ). In addition to mediating context-shock associations, the conjunctive system also competitively inhibits the feature-based system so that conjunctive learning normally dominates during the acquisition of contextual fear (Fanselow, 2000; Maren, Aharonov, & Fanselow, 1997; Rudy & O'Reilly, 2001; Rudy et al., 2004) .
This theoretical framework accounts for the finding that anterograde neurotoxic lesions of dorsal hippocampal (DH) neurons do not affect standard contextual fear conditioning, while retrograde lesions produce deficits (e.g., Maren et al., 1997) . Anterograde lesions free the feature-based associative system from competitive inhibition by the conjunctive system, allowing acquisition of contextual fear to be based on fear of individual features that comprise the context. However, if the hippocampus is intact during conditioning, feature-based learning is inhibited and retrograde lesions of the hippocampus impair retrieval of the contextual representation acquired solely by the conjunctive system (Fanselow, 2000; Maren et al., 1997; Rudy & O'Reilly, 2001 ).
